Observation ofB 0 s → J/ψf 0 (980) and Evidence for B 0 s → J/ψf 0 (1370)
We report the first observation of B These results are obtained from 121.4 fb −1 of data collected at the Υ(5S) resonance with the Belle detector at the KEKB e + e − collider.
We measure the branching fractions B(B The b → ccs process B 0 s → J/ψφ, which has a relatively large branching fraction, has been used to extract the B 0 s decay width difference ∆Γ and CP -violating phase β s from time-dependent analyses [1] . The parameter β s is expected to be small in the Standard Model and can be sensitive to New Physics. The same b → ccs process can also produce the decay B 0 s → J/ψf 0 (980), which is another promising channel for accessing the mixing parameters, with the clear advantage that no angular analysis is required because of the J P = 0 + quantum numbers of the f 0 (980).
Leading-order light-cone QCD predicts that the branching fraction
is expected to lie in the range 0.2 < ∼ R f0/φ < ∼ 0.5, based on scaling from the measurements of D s decays to f 0 and φ mesons [3] .
Using the world-average value
, we obtain 1.
. A recent study [5] also shows that R f0/φ can be used to estimate the S-wave pollution in the B 0 s → J/ψφ analysis of β s . We study B pairs in the sample is measured to be N B ( * ) sB ( * ) s = (7.1 ± 1.3) × 10 6 using methods described in [7, 8] 
The Belle detector [10] is a large-solid-angle magnetic spectrometer that consists of a silicon vertex detector, a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrellike arrangement of time-of-flight scintillation counters (TOF), and an electromagnetic calorimeter (ECL) comprised of CsI(Tl) crystals located inside a superconducting solenoid coil that provides a 1.5 T magnetic field. An iron flux-return located outside the coil is instrumented to detect K 0 L mesons and identify muons (KLM).
Charged tracks are required to originate within 0.5 cm in the radial direction and within 5 cm along the beam direction, with respect to the interaction point. Electron candidates are identified by combining information from the ECL, the CDC (dE/dx), and the ACC. Muon candidates are identified through the track penetration depth and hit patterns in the KLM system. For both electrons and muons, the identification efficiency is nearly 100%. Identification of charged pions is based on the information from the CDC (dE/dx), the TOF and the ACC. For a pion from B 0 s → J/ψf 0 (980), the momentum-averaged identification efficiency is about 96% with a 22% kaon misidentification probability.
Two oppositely charged leptons l + l − (l = e or µ) and any bremsstrahlung photons lying within 50 mrad of the e + or e − tracks are combined to form a J/ψ candidate. The invariant mass is required to lie in the ranges To suppress two-jet-like continuum background arising from e + e − →(q = u, d, s, c), we require the ratio of the second to zeroth Fox-Wolfram moments [11] to be less than 0.4. This requirement is optimized by maximizing the figure-of-merit N S / √ N S + N B , where N S is the expected number of signal events and N B is the expected number of background events in the (∆E, M ππ ) signal box. Other major background sources are from
± u ) events with one B meson decaying to a final state with a J/ψ (denoted J/ψX). We use a sample of simulated Υ(5S) decays, with the most recent B meson pair production rates [12] and all known B → J/ψX processes, to estimate this background. The fit region is chosen to be −0.1 GeV < ∆E < 0.2 GeV and
peaks near ∆E = −0.14 GeV and is outside the fit region. A study of the J/ψX MC simulation is used to categorize these background components according to their origins and shapes. The expected yields in the fit region from each source are: (a) B 0 s → J/ψη ′ , 2.6 events, with η ′ → ρ 0 γ in which the photon is lost; (b) B + → J/ψ(K + , π + ), 45.3 events, which enter the fit region after combining with a random pion; and (c) other J/ψX sources, 240.4 events, that do not peak in ∆E and M ππ . There are negligible correlations between ∆E and M ππ for (b) and (c), which are parameterized by the product of a smooth ∆E function with a threshold M ππ function for the two-dimensional probability density function (PDF). The B + → J/ψK + and B + → J/ψπ + background shapes are treated separately. For (a), the shape and yield are obtained from a dedicated MC simulation and the measured branching fraction [13] , where a MCgenerated two-dimensional PDF is used, since there are correlations between ∆E and M ππ that are difficult to parameterize analytically. The non-J/ψ background is studied with data from a J/ψ mass (M ll(γ) ) sideband defined as 2.5 GeV/c 2 < M ll(γ) < 3.4 GeV/c 2 , with the regions −0.200
The shape and yield of the non-J/ψ background is obtained by fitting and counting the J/ψ sideband data. In this procedure, the lepton identification requirements are relaxed in the fitting to enhance the statistics. A scale factor is used in the counting; this factor is the MCdetermined ratio of the non-J/ψ yield in J/ψ selection window to the yield in the J/ψ sideband region. Figure 1 shows the data together with the fitting functions described below. We find two peaks in the M ππ spectrum of the events in the ∆E signal region: one for f 0 (980) and another around 1.4 GeV/c 2 . We model the signal M ππ PDF as a coherent sum of a Flatté function [14] for the f 0 (980) resonance and a relativistic BreitWigner function for a second f X resonance with mass m 0 (f X ) and width Γ 0 (f X ):
where the phase-space factors are ρ 1 = 2q/M ππ , ρ 2 = 2q K /M ππ , and the mass-dependent widths are
Here q (or q 0 ) is the pion momentum in the di-pion rest frame where the di-pion mass is M ππ (m 0 ), while q K is the momentum a kaon would have if the resonance decayed to a kaon pair. The J/ψ momentum in the B 0 s rest frame, p J/ψ , is a phase-space factor outside the modulus, and a spin factor inside the modulus for L = 1. The Flatté function follows the BES parameterization [15] , with the parameters m 0 (f 0 ) = 965 ± 10 MeV/c 2 , g 1 = 0.165 ± 0.018 GeV 2 /c 4 , and g 2 /g 1 = 4.21 ± 0.33. The ∆E PDF for signal is parameterized as a sum of two Gaussians with width calibrated using a control sample of Υ(5S) → B * 0 dB * 0
Contributions from the self-cross-feed (SCF) events in which one or two pion tracks from the signal are misreconstructed as well as non-resonant B 0 s → J/ψπ + π − events are also considered. The SCF component is fixed to the MC value of 6.0% of the total signal yield in the fit region; the PDF shape is modeled with a non-parametric histogram. For the non-resonant background, the M ππ shape is obtained from a phase-space model and the ∆E shape is the same as that of the J/ψf 0 signal. An unbinned extended maximum likelihood fit to the data is performed using the sum of all component PDFs. The parameters allowed to vary in the fit are the total resonant signal yield, which includes the SCF contribution, parameters a, θ, m 0 (f X ), Γ 0 (f X ), the yield of the non-resonant background, and the yield of other J/ψX background. The yield of the J/ψ(K, π) background is fixed to the MC expectation.
We obtain 98 ± 15 resonant events corresponding to Eq. (1), where 63 −0.003 GeV, where the first error is statistical and the second is systematic. These results are consistent with the f 0 (1370) parameters listed in the PDG [4] . Henceforth, we refer to this contribution as B 0 s → J/ψf 0 (1370); however, the possibility of other scalar resonance contributions in this region cannot be excluded with the present statistics. The obtained nonresonant yield is 4±12, consistent with zero. The yield of other J/ψ background 262±23 is consistent with the MC estimate of 240 events. The J/ψ helicity distributions, shown in Fig. 2 , are consistent with a longitudinally polarized J/ψ in both f 0 (980) and f 0 (1370) signal regions, as expected for scalar ππ resonances.
The signal yields, branching fractions, and significances including systematic uncertainties are listed in Table I . The significance is calculated from the log likelihood difference for two parameters in the f 0 (980) case and four parameters in the f 0 (1370) case, when the corresponding signal amplitude is set to zero.
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